An alternative path for the preparation of triacetylcellulose (TAC) from unrefined biomass Palm Empty Fruit Bunch (EFB) has been found with environmental benefits. The method comprises separation and regeneration of cellulose from lignocellulosic biomass dissolved in ionic liquid BMIMCl, and also modification of cellulose to TAC. The triacetylcellulose with a degree of substitution of 2.93 was obtained by the reaction of acetic anhydride at 55˚C with drastically reducing number of steps currently required to produce this derivative from raw materials itself. TAC was characterized using NMR analysis. The triacetate cellulose is typically used for the creation of fibers and film base.
Introduction
One of the major current challenges to the chemical industry is the efficient use of renewable lignocellulosic biomass for the production of performance materials, platform chemicals and biofuels in the so-called "Integrated Biorefinery". Lignocellulosic biomass is a permanent and woefully underutilized source of renewable feedstock with the principal renewable biopolymer forms being cellulose, hemicelluloses, and lignin. A facilitated and more efficient access to natural biopolymers and subsequent enabling of a fuels or materials technolo-Fruit Bunches) were purchased and dried in a vacuum oven at 60˚C for 24 h and milled in a ball mill to pass through 250 μm screen (Figure 2) . The milled samples were stored at room temperature. Acetic anhydride, acetic acid, sulfuric acid, anhydrous magnesium acetate, sodium hydroxide, hydrochloric acid, and dichloromethane were obtained from Sigma-Aldrich Co.
Screening of ILs Dissolving Biomass
Twenty-five ILs (Table 1) were screened for dissolving activity against cellulose of unrefined 8 biomasses. Each 0.2 g of biomass powder was dissolved in clear vials with 2.8 g of ILs under 95˚C, 120 rpm stirring water bath for 3 h and kept under 65˚C heating oven for overnight. IL selection was conducted by visual rating as just within the boundary of transparency.
Selective Separation and Regeneration of Cellulose from Unrefined Biomass
A weighed amount of IL (1-butyl-3-methylimidazolium chloride) was added to clear glass vials equipped with a magnetic stirrer and placed into a heating water bath at 95˚C -105˚C. 2.5 -20 g of biomass powder were added discretely into the vials. The mixture was stirred for dissolution until the solution was just within the boundary of transparency. The solution of biomass in ILs were sucked out with pipette and spit into water like a thread solidified. The solid phase of cellulose was obtained in the form of regenerating cellulose and dried in an oven at 60˚C for 24 h or freeze dried before using as a starting material. In this way the regeneration of cellulose was obtained at room temperature. X-ray diffraction patterns were obtained using a XRD-6000 Shimadzu with CuKα radiation from 5˚ to 50˚. 
Synthesis of Cellulose Acetate
Forty ml of Glacial acetic acid was added to 2 g of cellulose regenerated, and this mixture was stirred for 30 min at room temperature. Then, a solution containing 0.3 ml of H 2 SO 4 and 17.5 ml of acetic anhydride was added to the mixture, which was stirred for 6 h at room temperature. Insoluble materials were filtered off and the solution was left to stand. Distilled water was added to this clear solution until no more precipitate was formed. The predipitates were vacuum filtered and washed with distilled water until the material was neutral. The produced cellulose acetate was dried in an oven for 90 min at 105˚C.
NMR Analysis
C NMR spectra were recorded at 500 MHz on a Jeol Eclipse FT 500 MHz spectrometer in CDCl 3 as a solvent using TMS as internal standard and chemical shifts were expressed as δ in ppm; coupling constants J are given in Hz.
Results and Discussion

Screening of ILs Dissolving Biomass
For the preparation of triacetylcellulose (TAC) directly from unrefined biomass by the use of ILs, twenty-five ILs were screened for dissolving the natural state of biomass (Bagasse, Tulip tree, Hybrid poplar, Oak tree, Japanese red pine, Rice hull, Empty Fruit Bunch) at 95˚C stirring condition. We tried to dissolve all of the biomass powder in ILs used but the solubility was diverse. Table 2 shows appropriate ILs to each biomass selected, and common ILs to unrefined biomass Table 2 . Selection of ILs s to cellulose and 7 biomass powder at 90˚C.
No. showed the best dissolubility not only to the standard cellulose but also to all of the natural biomass tested. A huge variety of ILs is known today and the number of low melting organic salts is growing rapidly. Nevertheless, according to the literature, ILs with ammonium cations, pyridinium cations, and imidazolium cations are able to dissolve cellulose. Only organic salts with asymmetric cations give melts, which can properly interact with the cellulose backbone. Phosphonium and sulfonium salts are not suitable as cellulose solvents up to now. Dissolution of cellulose in pyridinium salts is combined with degradation if no protective gas is applied. There is no clear theory concerning the interaction between the ILs and the polymer. Still, NMR spectroscopy and structural studies of interaction Cl-OH-Cellulose need to discuss, and cannot explain the fact that only ILs with nitrogen-containing cations are able to dissolve cellulose. No measurements are known for ILs with acetate as counter ion, which dissolve cellulose even better than the chloride. Recently formate-, methyl-phosphate-, and dicyanoamide-containing solvents were described as cellulose solvents. Thus, the dissolution mechanism is still a matter of ongoing research [2] [13]- [20] . There are many literatures about the synthesis and characteristics of new ILs, cellulose dissolution, and transformation to various cellulose derivatives. However, we were curious about the direct extraction or dissolution of the cellulose itself from natural biomass with ILs.
Selective Separation and Regeneration of Cellulose from Unrefined Biomass
As expected, [BMIMCl] gave the best results of ILs for dissolving the natural biomass (Bagasse, Corn stover, Japanese red pine, Hybrid poplar, Tulip tree, Oak tree, Rice hull, Empty Fruit Bunches) with their different colors (Figure 3) . A fairly good dissolution was found for other ILs selected. Dissolution of bagasse and corn stover showed dark brown color better than other biomass dissolutions. The dissolved cellulose could be regenerated in a variety of forms, such as fibers, films, beads, etc., by addition of a cellulose anti-solvent which is soluble with the IL. Same to the cellulose regeneration, the dissolution of biomass in ILs were sucked out with pipette tips and spit it into water like thread solidification (Figure 4) . In this process, hemicelluloses are accompanied with cellulose but not lignin. Cellulose regeneration and filtration with anti-solvent could be separated from hemicelluloses and lignin [11] [19] [20] .
The XRD patterns of EFB celluloses regenerated by ILs are shown in Figure 5 . In contrast with the sharp diffraction peaks for the standard cellulose, the EFB celluloses spectrum shows no sharp peaks indicating a decrease of crystallinity and a transition in the structure of the cellulose from crystalline to amorphous region. The standard cellulose shows diffraction peaks at 14.9˚, 16.5˚, and 22.5˚ which are characteristic of the crystalline form of cellulose. After regeneration, broad peaks are seen at about 20˚ and 22˚, which may be due to the damage to the hydrogen-bond in cellulose network during regeneration [21] - [23] .
These results are indicating that the cellulose of natural biomass can be directly dissolved in specific ILs without acid/base pretreatment and be easily regenerated by precipitation upon addition of water or other common solvents without severe degradation of the cellulose. Of the ILs we studied, the best results were obtained for 1-butyl-3-methylimidazolium chloride [C 4 mim]Cl, which was reported by other studies on the dissolution of cellulose in ILs. The use of such anions resulted in primarily hydrophilic salts, and therefore the regeneration of cellulose from the IL solution was simply carried out by the addition of water to the solution. As a further proof of true dissolution, the dissolved cellulose was reconstituted in amorphous or cellulose II form, distinct from the native cellulose I form [6] [14] .
Nevertheless, the most promising ILs for the modification of cellulose is 1-alkyl-3-methylimidazolium salts. An increasing number of papers appear annually concerning this issue. The results support the assumption that ILs can open up new paths for the shaping of the most abundant, renewable organic compound on earth. Additionally, they could also lead to a first commercially relevant route towards homogeneous cellulose chemistry, which would significantly broaden the number of tailored cellulose derivatives [6] .
Of growing interest for the modification reactions of cellulose are solvents that are liquid at room temperature and show low viscosities. These solvents can yield reaction media with high cellulose contents, which still can be handled [11] [12].
Synthesis of Cellulose Acetate and Characterization
The acetylating of the cellulose regenerated from the biomass EFB dissolution in ILs was conducted as the method described by Rodrigues Filho et al. (2005) and characterized by NMR. The degree of substitution (DS) was determined by proton NMR, and by titration with aqueous sodium hydroxide solution. In the NMR method, we used the ratio of the seven cellulose proton absorbance in the range of 3.5 -5.1 ppm to the absorbance of three methyl protons of acetyl groups in the range of 1.9 -2.2 ppm. DS was calculated by 1/3 of the three methyl pro-tons of acetyl group absorbance between 1.9 and 2.2 ppm divided by 1/7 of the total cellulose CH proton absorbance between 3.5 and 5.1 ppm. Excess acetic anhydride was used and acetylation proceeded to the maximum extent to yield cellulose acetate having a degree of substitution of 2.93 from EFB sources with drastically reducing the number of steps currently required to produce this derivative from raw materials itself (Figure 6) . In this research, we synthesize TAC after regenerating EFB cellulose dissolved in ILs. However, acetylating synthesis could be started from dissolution in ILs without regeneration, because of the typical procedure for preparation of TAC in IL and solvent recycling schemes have been known already [11] - [14] [21] [22] .
Generally, the acetylating conversion of cellulose has been made from starting substrate of cellulose separated from cellulose containing biomass after various pretreatment. Its derivatives, like cellulose esters and ethers, NMR spectrum of cellulose triacetate Figure 6 . NMR analysis pattern of cellulose triacetate from palm EFB.
have important applications in our daily life such as in textile, pharmaceutical, beauty, food and packaging industries. Wood pulp is main raw material for cellulose. It can also be extracted from algae, bacteria. Corn fiber, rice hulls, and wheat straw contain about 15%, 36% and 45% cellulose, respectively [23] . However, corn fiber and wheat straw were acetylated without pretreatment; the recovered yields of cellulose acetate were extremely low. When untreated corn fiber was used as the starting material only, 1.8% conversion was achieved. Based on the amount of the cellulose in corn fiber, a conversion of about 12% was achieved. Untreated wheat straw gave the lowest conversion of only 0.5%. This is somewhat surprising since wheat straw contains about 30% cellulose [24] . Pretreatment of the lignocellulose may be essential for making cellulose acetate. The acetylating conversion of cellulose in rice hulls, wheat straw, and corn fiber increased to about 25% for all substrates after the dilute acid pretreatment at a moderate temperature. The increase in conversion is probably due to the pretreatment removing hemicellulose and other acid soluble materials. The result is an increase in the relative concentration of cellulose in the starting substrate. It is interesting to note that after pretreatment the acetylation conversion is about the same, regardless of the starting material. This may be due to remaining cellulose having the same reactivity. It is assumed that the acetylation reaction would only work on the amorphous cellulose. This would put a theoretical conversion of cellulose to cellulose acetate at about 30%. This means that acetylation reaction of pretreated rice hulls, wheat straw, and corn fiber may be near the theoretical limit of conversion without further treatments on the cellulose to reduce its crystallinity. Since cellulose fibers are embedded with lignin, this may interfere with the acetylation reaction [8] - [12] .
Ionic liquids are being investigated as lignocelluloses deconstruction solvents for a number of reasons. As already mentioned a major and widely highlighted advantage of the IL dissolution process compared to other pretreatment options is its ability to decrystallize the cellulose portion of lignocellulosic biomass and simultaneously disrupt the lignin and hemicelluloses network. More work is needed to improve the efficiency of the conversion. It is also demonstrated that some side reactions have to be considered. The first techno-economical analysis modeling of ionic liquid deconstruction has determined that among the investigated variables the order of importance/sensitivity is ionic liquid price > biomass loading > recycling rate. In addition, the ability to sell the lignin and/or its products will heavily impact on the process costs. The following list, whilst not exhaustive, contains aspects of ionic liquid pretreatment that should receive attention in the future. Further investigations will help to determine whether the identified challenges of ionic liquid processing of lignocelluloses are inherent disadvantages or can be improved upon by optimization or technical innovation [12] .
Conclusion
The cellulose in natural biomass was converted into cellulose acetate with direct dissolved and separated cellulose from biomass of Bagasse, Tulip tree, Hybrid poplar, Oak tree, Japanese red pine, Rice hull, [EIMCl] , were selected as effective common dissolving solvents for the natural state of biomass. An alternative path for the preparation of triacetylcellulose (TAC) from unrefined biomass Palm Empty Fruit Bunch (EFB) has been found with the method of comprising separation and regeneration of cellulose from lignocellulosic biomass dissolved in ionic liquid BMIMCl, and also modification of cellulose to TAC. The triacetylcellulose with a degree of substitution of 2.93 was obtained by the reaction of acetic anhydride at 55˚C with drastically reducing the number of steps currently required to produce this derivative from raw materials itself and characterized using NMR analysis. More work is needed to improve the efficiency of the conversion. This method may improve the cost efficiency into value-added cellulose acetate.
